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' 
( 
The objective of this thesis is to invesiigate the 
issues important to surface mount solder joint reliability. 
This is accomplished by presenting an in-depth literature 
search on the subject, along with the results of three 
experiments. 
Experiment I used two methods to measure lead 
coplanarity of plastic leaded chip carriers, and via a pull 
test, correlated coplanarity deviations with joint strength. 
Experiment II investigated the hypothesis that lead skew 
(pins bent to the side) affects solder joint strength • 1n 
the same ways that coplanarity deviation does. Experiment 
III was designed to test the effect of oxidation on solder 
joint strenth. 
The results of experiments I and II are displayed 
in graphical form (joint strenth vs. coplanarity and lead 
skew), and indicate that as lead skew or coplanarity 
deviations increase, joint strength .decreases. It was 
hypothesized this • 
t\ 
• 
.solder that was due to an increase 1n 
volu-me present at the joint. 
The conclusion of experiment III was that 
oxidation of solder paste due to· exposure to a normal 
production environment did not severely reduce joint 
strength after 48 hours. 
1 
Introduction To Part I: 
Surface mount technology has clearly caught the 
attention of strategists within the electronic assembly 
industry. Practically every issue of countless technical 
journals reports monthly on the merits of converting from 
traditional through-hole assembly to surface mount assembly. 
Among those benefits promised are increased component 
density, less room needed for WIP, reduced design cost, and 
increased reliability. [1] In pursuit of these competitive 
advantages, many firms are jumping _on the bandwagon without 
a clear understanding of the inherent liabilities the new 
technology posseses. 
For example, inspection of surface mounted 
assemblies is difficult since there are many leads close 
together, and many solder joints are hidden from view. The 
defects that are found are hard to repair, and the 
. . 
repair 
procedures often lead to the irreparable damage of the 
entire assembly. Also, unlike through-hole assembly, the 
surface - mounted solder joint is responsible for mechanical 
fastening as well as electrical cohtact between the 
component and the printed circuit board. For these reasons, 
solder joint quality must be consistently high. 
only be guaranteed by the selection of high 
,· 
components and by a manufacturing process that 
understood and easily controlled. [2] 
2 
This can 
quality 
• 15 well 
This section will discuss both product and process 
factors which, • 1n part, determine the quality and 
reliability of surface mounted solder joints. Under the 
heading of "product" comes ·the components themselves, the 
substrate, and the solder paste which • • Joins them. The 
"process" shall include component preparation (board baking, 
pre-tinning, etc.), screen printing, the onsertion process, 
reflowing the solder paste, and cleaning. Of course, there 
are other product and process factors to consider such as 
adhesives or material handling, but the scope of this 
section will be restricted to those factors mentioned above. 
The Substrate 
Consider first the printed circuit board (PCB). 
Whether purchased from a vendor, or manufactured in-house, 
the boards' attributes greatly affect the soldering p.rocess. 
The substrate may be composed of epoxy-glass FR-2, FR-4, 
Kelva.r or ceramic to name a few. Each material possesses 
dist.inct properties: among them • lS the coefficient of 
thermal expansion (CTE). This is an important factor to 
consider, since a major problem facing the industry is the 
mismatch between the CTE of the substrate and leadless chip 
• carriers. In response to· that proble~, new substrate 
materials are being developed ~hich minimize the mismatch of 
the CTE. [3] 
3 
The decision of whether to use a ceramic substrate or an 
epoxy-polyimide could greatly affect an assembly's 
performance and reliability. [4] 
Pad (or "land") size and • • • pos1t1on1ng are also 
important considerations when designing a surface mount PCB; 
variations as small as .005" prove to be significant. [5] 
This isn't hard to imagine, especially when considering 44 
pin devices with lead to lead spacing of only 50 mils. 
Finally, the chemistry of the pads on a PCB will 
surely influence solderability of the surface mount 
component.s. "Chemistry" here refers to surface coatings on 
the PCB pads, whether intentionally put there or not. 
Intentionally applied surface coatings on the bare copper 
lands such as solder is known as "pre--tinning", and • 15 
usually necessary for· good solder joint formation. If 
incoming boards are not pre-tinned, a process known as the 
"hot gas solder leveling process" should be performed •
 prior 
to assembly. [6] First, the PCB's are dipped into molten 
solder to coat the wettable copper surfaces. Then the 
boards are immediately passed between two high velocity air 
stre.ams. The streams blow air normal to the surface, 
removing_ excess solder from ·the surface ·and from via holes. 
This process allows the pads to be inspected for wetting 
prior to final assembly, and it provides additional solder 
to the joint, thereby strengthening it. 
4 
.I 
, 
The excess solder also provides extra clearance between a 
component and the substrate underneath. This aids in the 
cleaning of residual flux and other contaminants after 
ref low. 
Unintentional surface coatings on PCB pads include 
contaminants and most importantly, oxidation. Faulty solder 
joints are likely to result if the surfaces of the PCB pads 
are contaminated with grease or other substance. Oxidation 
may cause the sold.er to "wick up" the lead of a chip 
carrier, leaving little solder on the pad itself. Or, the 
poor wetting may simply prevent a good .. symmetric solder 
fillet from forming. [7] to remedy this, incoming boards 
should be baked to drive off any moisture or volitile 
contaminants. They should then be washed in an aqueous 
cleaner to remove g.rease and other films. 
The Solder Paste 
The second item I 1n "product" 
considerations is the solder paste. It should be mentioned 
first that solder paste is by no means the only way to 
' 
solder surface mount components. Other methods include 
electroplating the compon~nts with solder, and the use of 
solder preforms. The latter has the advantage over solder 
paste in that the volume of solder applied c.an be precisely 
controlled. [8] 
5 
In general, though, both methods are less desirable than 
solder paste because they require the external application 
of flux to the joint prior to reflowing. [9] With that in 
mind, and with the general acceptance of solder paste in the 
industry, the attention here will be focused on solder 
paste. Several parameters should be considered in the 
selection and use of a solder paste. These include metal 
conposition, particle size and shape, the flux binder, 
oxidation content, and viscosity. 
The metal content of a solder paste will usually 
include a certain mixture of tin and lead, along with some 
trace elements. Most trace elements are detrimental to the 
performance of a solder paste: military specifications limit 
the amount permitted .• Aluminum, for instance, speeds 
oxidation, as does cadmium and zink. Phosphorous and 
• arsenic cause dewetting, while copper and iron form 
intermetallic compounds which cause the solder to become 
gritty. [10] Another harmful impurity is sulfur. Sulfur in 
the presence of silver (often added to the tin-lead 
combination) forms ·1ong, thin "whiskers." These whiskers 
continue to grow even when the compone.nt is in service, and 
will eventually form an electrical short as it grows from 
one p-3rt of the circuit to another. [11] 
6 
The I size 
par·ticles contained 
and shape of 
in solder 
performance in a number of ways. 
the I I microscopic 
paste influence 
solder 
its 
For example, spherically 
shaped particles have the least surface area of any shape. 
Less surface area means less OKidation. If a screen mesh is 
used in the screening operation, spherically shaped solder 
particles are ·better, since they don't tend to get caught in 
the mesh. Some researchers feel, however, that both 
spherical and irregularly shaped particles should be present 
to enable reflow without excessive spreading from the joint. 
[12] The size of the particles should be small enough to 
pass through the screen mesh, if used, while keeping in mind 
that smaller particles·mean an overall increase in surface 
area. Smaller particles also increase the paste's viscosity, 
leading to difficulties in the screeni.ng process. [13] 
The activity of a flux in solder paste wets the 
soldering surface and removes oxides and other s~rfa.ee 
contaminants, providing a more solderable surface. In 
addition, sol vent.s are added to 
I improve the flow 
characteristics during the screening process. [14] Rosin 
bas.ed fluxes used in military applications are ~team 
• 
distillates of pine trees and are graded by color. The 
purest . I rosin I 15 pure whi t.e, and when it is mixed w i t.h 
alcohol it produces a mild flux. 
mild, certain activators are added. 
7 
Since it is often too 
• 
Thus, the term ''flux'' includes the additional constituents 
which must also meet the corrosion and insulation resistance 
test specifications used with PCBs. Most commercial RMA 
(rosin, mildly activated) solder pastes have failed these 
specifications, making the choosing of a good paste very 
di ff i cu 1 t. [ 15] 
It was mentioned earlier that the oxidation of the 
metals contained in solder paste has a detrimental effect on 
solderability. Exactly how much oxidation is acceptable 
involves a fa_ir amount of guesswork, but a procedure has 
been developed at Texas Instruments which aids the detection 
of oxide conte.nt in a sample of paste. Peanut oil is used 
to extract the flux materials from a sample, as it 
• lS 
reflowed in a crucible placed in an oven at 200 degrees 
centigrade for about 30 minutes. Once the paste has 
ref lowed, the crucible is removed from th.e oven and the oil 
is poured off. Since the oxides on the metal particles in 
the paste are less dense than the metals themselves, they 
float to the surface of the molten solder. Since the flux 
has been extracted, the oxides remain on the reflowed solder 
surface when it cools and solidifies. The pe·rcentage of 
oxide pre-s·ent on the surface of the metal indicates the 
relative amount of oxides present in the paste. When viewed 
under a low-power microscope, oxides appear as dull, rough 
growths on the otherwise· smooth an shiny surface. [16] 
8 
• 
The final parameter to be considered in the 
selection of a solder paste is • • v1scos1ty. As mentioned 
before, smaller solder particles contribute to a higher 
viscosity, affecting the paste's screenability. The other 
factor is how dry the paste has become; that is, to what 
degree the volatile solvents have evaporated. It • lS 
-important to store the paste in small, tightly sealed 
containers to prevent drying. It is also good practice to 
use only as much as is needed for less than one hour of 
p,::-oduction. Although screenability is somewhat of a 
qualitative evaluation, Texas Instruments' research has 
att~mpted to quantify it. They theorize that 
Screenability can be determined by calculating 
the sheer rates induced by other screening 
parameters such as squeegee speed, emulsion 
thickness and screen parameters. Knowing this 
sheer rate, the sheer stress can be determined 
by using a Ferranti-Shirley viscometer. 
If the sheer stress is less than 300,000 dynes/sq. cm, they 
claim the paste will screen well. [17] 
The Components 
The last product consideration is the • • 1ncom1ng 
components themselves. As will be discussed, the 
• issues 
important to surface mount component selection are far 
different from those criteria used to evaluate through-hole 
9 
• 
components. The mechanical, electrical, and thermal 
characteristics of surface mount components must be closely 
scrutinized for compatibility with the substrate, the solder 
paste, and many process considerations. 
There is currently a wide variety of components 
(both active and passive) available in a number of packaging 
styles. The majority of passive surface mount components 
are leadless resistors and capacitors, with ceramic based 
devices being early entrants into the market. Also 
available to a le:sser degree are inductors and • • precision 
metal film resistor chips. [18] The most common packages 
available for discrete semiconductors are the small-outline 
transistors (SOT-23, SOT-89, and SOT-143), and surface motint 
diodes which resemble chip capacitors and resistors. 
Integrated circuits come in the largest variety of packaging 
styles. The small outline integrated circuit (SOIC) package 
is similar to its dual-in-line predecessor with a leg 
spacing of 50 mils instead of 100 mil centers. As the 
complexity of the circuit increases with a corresponding 
rise in pinouts, it becomes impractical for the sore, and a 
tra.ns it ion to the surface mount chip • carrier .( quad-p-ack) 
takes place. While the JEDEC. registrations for sore 
packages include up to 28 pin, devices, the dividing point 
occurs around a pin count of 20. [19] Proposed definitions 
for JEDEC registration of plastic leaded chip 
. . 
carriers 
10 
(PLCCs) include 20, 28, 44, 52, 68, and 84 
·, pin 
configurations. These packages are all in addition to the 
chip carrier common to military applications: the 
I 
ceramic 
leadless chip • carrier. With very large scale integra·ted 
circuits requiring more than 84 pinouts, most experts think 
that direct attachment of tape-bonded or wire-bonded chips 
to PCBs will be the next step in surface mount assembly. 
Until now, chip-on-board has mostly been restricted to use 
in simple and inexpensive consumer products, like digital 
watches, electronic game cartriges, and calculators. [20] 
Formerly, just one dual-in-line package (DIP) standard 
controlled 90% of the plastic packages used worldwide .• 
Today, users and placement equipment manufacturers must cope 
with no fewer than 13 different surface mount package 
standards. [21] For various reasons, there are a number of 
devices which do not lend themselves w~ll to surface mount 
packaging. Certain high power devices require the larger 
package in order to dissipate heat. Other components are 
simply too large or heavy for surface mounting without 
mechanical anchorage. In addition, manually operated 
devices such as switches must be secured to withstand 
manipulation. [22] 
If attention is now focused on multi leaded 
specifically the PLCC, 
peculiar to their breed. 
a number of issues • arise 
11 
These concerns can be bro.ken down i·nto machanical issues and 
metallurgical I issues. The JEDEC Solid State Products 
Engineering Council has been working to establish standards 
for surface mount components. On February 15, 1984, a 
ballot letter was distributed to those participating for the 
approval of a dimensioning scheme for PLCCs. Datums were 
proposed, and specific dimensions and tolerances were 
suggested for approval. Among the suggestions approved was 
the tolerance value for lead coplanarity. 
specification stated: 
The coplanarity 
The bottom part of the leads must fall 
within a .004" wide tolerance zone. This 
tolerance zone is established by two 
parallel planes that are .004" apart. 
The bottom plane is established by the 
three lowest points of the leads: that 
is, the three points upon which the chip 
carrier can rest in a stable position. 
[ 23] 
Lead coplanarity, therefore, refers to the degree to which 
some leads do not come in contact with the PCB land. It is 
thought that weaker, less reliable solder joints will form 
on those leads suspended the farthest away from their 
designated land. 
Another mechanical issue (which was not toleranced 
in the JEDEC letter) is lead skew, or the degree to which a 
lead is bent to the side. 
12 
A commonly used rule of thumb specifies that the lead should 
make contact with at least one half of the corresponding 
land. Early research findings indicate, however, that other 
factors such as wet solder paste thickness and 
orientation may be the dominant variables in that case. 
part 
Both lead coplanarity and lead skew are mechanical 
issues which affect solder joint reliability. Leadless chip 
carriers are obviously immune to these problems, but the 
compliant leaded packages offer a reduction of stress on 
solder joints. [24] However, PLCC vendors have tried to 
reduce the assemble difficulties arising from misaligned and 
non-planar leads by producing leads that are much sturdier 
than clip-leads. They have changed lead geometry and/or 
lead material to accomplish this. The sturdier leads, while 
helpful in boosting assembly yields, negate some of the 
reliablility advantage of leaded components over leadless 
chip carriers. [25] At any rate, it is very important to 
h~ndle PLCCs carefully to avoid assembly yield losses • 
The o.ther parameter to consider • lS terminatio.n 
metallurgy. Thick filM metallizations containing silver or 
gold, for example, may coat terminations of chip capacitors, 
resistors, and often LCC interconnects. Called "leaching", 
these metals dissolve quickly in molten tin-lead solders. 
For example, a 100 microinch thick gold layer on a lead wire 
will totally dissolve in less than two seconds. [26] 
13 
The result is the formation of dull, lumpy and grainy solder 
I 
joints with little or no fillet present. As will be 
discussed later, the affect can be minimized by controlling 
. 
the soldering process parameters. 
Process Considerations 
As mentioned in the introduction, the process 
under consideration is merely a typical operation for 
surface mount assembly. There exists a large number of 
alternateves possible for almost every function to be 
perfbrmed in the assembly process. These functions include 
parts preparation, onsertion, soldering, and cleaning. 
While other soldering methods will be discussed, the 
• main 
focus shall be upon the use of screened solder paste and the 
reflow operation. 
Pa~ts Preparation 
Although in most cases, parts preparation does not 
add value to the product, it is probably the most crucial 
proc6ss step in any operation. Parts preparation serves two 
functions: to inspect incoming PC boards, electronic 
components, and solder paste, and to perform preliminary 
operations on those items as needed. 
There are two good reasons to inspect 
_parts and components on a regular basis. 
14 
.. 
• • 1ncom1ng 
First, no one will argue that it is far better to throw out 
a ten cent PLCC with oxidized leads than scrap a $200 
assembly to which it has been unsuccessfully soldered. The 
same is true for warped or heavily oxidized PC boards and 
for dried out solder paste. While 100% incoming inspection 
is rarely affordable, the need exists to either perform 
sample inspections and/or secure an agreement with the 
suppliers to do so. This leads to the second good reason to 
inspect • • 1ncom1ng parts. In a new field such as surface 
mounting, vendor performance data are crucial for the 
establishment of new design standards. This is especially 
true now, before many standards even exist, and many vendors 
still are not sure abou·t their own "standards". 
Preliminary operations such. as board baking, pre-
tinning, etc. have already been discussed, but one item 
should still be noted. In order to track th.e work-in-
process as it proceeds through the factory, a bar code or 
other identification is usually applied to the PC board~ 
this is the only practical place to put it, since the 
components are sometimes too small to even be identified 
themselves. 
15 
Solder Paste Application 
The application of solder paste onto the PC board 
is next. The paste is usually either applied through a 
syringe, or is screen printed. The former finds most 
application in flexible, low volume assembly, while the 
latter is most appropriate for batch production. 
A screen printer consists of the screen, the 
squeegee, and the fixtures and parts which control them. 
The screen is nothing more than a stencil through which the 
solder paste is passed onto an aligned PC board. The 
"stencil" consists either of an emulsion fastened to a fiber 
mesh, or of an etched metal mask mounted on a frame. The 
mesh, if used, is made of monofiliment nylon or polyester. 
rhe number of openings per linear inch in the mesh is called 
the mesh count, and usually falls between 60 to 150, 
depending on the solder paste used. [27] The filiment runs 
at a 45 degree angle with respect to the frame to ensure the 
even application along a small, straight line. 
The squeegee acts to push the solder paste through 
the scre·en in an even fashion •. Two parameters affect the 
success of the squeegee: the hardness, and the angle of 
attack. It I lS usually made from a hard rubber and • lS 
available between 30 and 90 durometers~ The choice depends 
on the squeegee thickness, the size of the screen, and the 
solder paste viscosity. 
16 
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The angle made between the plane of the squeegee and the 
screen is referred to as the angle of attack, and should be 
between 45 and 90 degrees. [28] 
The Onsertion Process 
Once the solder paste has been screened onto the 
PC board pads, the components should be placed immediately 
to prevent oxidation from occurring. This may either be 
accomplished by hand, or by a "pick and place" machine 
equipt with various size·d vacuum pickups. As mentioned 
earlier, placement • accuracy 1s considered adequat& if 
misalignment of no more than half of the width of a lead 
occurs. Some misalignment is permitted since the surface 
tension of molten solder is enough to cause components to 
self-align. [29] The force with which components should be 
- placed into the paste is between one and four grams per 
lead. typically, the depth of immersion should be such that 
the paste covers about half of the lead thickness. [30] 
Pick and place systems are designed to pick up a 
c6mponent, hold it securely during transport, and then 
position it on the PC board. In addition to their 
capability for accuracy, repeatability, reliability, and 
high speed, these systems can often sense 
t . I 
m1ss1ng 
components., automatically load/unload PC boards, and possess 
both "wal.k-through" and off-line programming ability. 
17 
Some can interface with existing CAD/CAM systems, have 
programmable placement pressure, and allow 
• expansion to 
multihead systems. [31]. The pick and place operation is by 
far the most sophisticated and is responsible for surface 
mount assembly's reputation for being "high-tech'' • 
• 
The Solder Reflow Operation 
The most conventional. surface mount solder reflow 
operations are vapor-phase and infrared. Other techniques 
such as modified wave soldering and laser soldering will be 
considered later. It is currently a subject of intense 
debate within the industry of which reflow method 
• 1S the 
best. In order to address that question here, both 
technologies will be explained, and then the advantages and 
disadvantages of each will be discussed. 
The principle of operation in vapor-phase reflow 
involves condensation heating; the latent heat of a 
vaporized liquid is released as the vapor condenses on the 
component to be soldered. Since the phase change occurs 
rapidly and on all exposed surfaces of the part, uniform 
.heating results. [32] High boiling point flurocarbons are 
the . . primary fluids used in vapor-~hase reflow. The most 
commonly used liquids, Flour.inert (3M) FC-70 and FC-71 are 
expensive (FC-70 cost $38/lb in 1982}, and for this reason 
evaporation is a real problem. 
18 
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The solution is to float a secondary, less expensive vapor 
over the • primary vapor, providing isolation from the 
atmosphere. The secondary fluid has a lower boiling point 
than the primary fluid and does not induce reflow. In 
contrast to the expensive primary liquid, secondary fluids 
such as Freon TF only cost about $1.10/lb in 1982. [33] 
Infrared reflow occurs by radiation. An infrared 
emitter is placed normal to the populated PC boards 
• passing 
by underneath on a moving belt. A quartz window best 
transmits radiation in the infrared region, and is therefore 
used in most applications. 
amount of radiation absorbed. 
Several factors determine the 
These include the intensity 
of the infrared source, the transmittance of the quartz 
window,. the· distance between the window and the moving belt, 
and finally, the absorptivities of the materials used at the 
particular wavelength used. 
It is apparent that the two ~recesses are 
fundamentally different. The major advantages of vapor-
phase soldering are that the heating of a part is uniform 
and geometrically independent, with a built in temperature 
limit. As the part enters the primary vapor, condensate 
forms of all exposed sutfaces (top, bottom, side~, etc.). 
This uniformly heats the part above the solder reflow point, 
and minimizes thermal shock. The process also occurs in a 
relatively oxygen-free environment. [34l 
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Proponents of infrared soldering point out that 
because liquid • lS condensing on the work 
• piece surface, 
components are more prone to misalignment requiring rework. 
To combat this, an additional process step is required. The 
populated boards are pre-baked (usually for 30 minutes at 80 
degrees centigrade) to keep the parts from moving. The pre-
bake also is required to drive off any volitiles from the 
flux which can expand and cause parts to pop off during 
reflow. Since the IR process employs slower heating, the 
pre-bake is accomplished in the primary zones of the oven, 
and the additional process step is eliminated. Another 
advantage of IR reflow is cost. Most IR processes 
• 
require 
less power to operate than equivalent vapor-phase units, and 
tney don't utilize expensive chemicals. [35] 
The major drawback to IR soldering is the uneven 
heating, resulting in overheated areas on some assemblies. 
Part geometries are all different; the "tall" compo.nents are 
closer to the IR emitter and hence re.ceive more radiation. 
Gull wing leads solder well, but shadowing affects the 
transmission of energy to tucked-under "J-leads" on PLCCs. 
As a result, the slower process of conduct.ion becorne·s the 
heat transfer vehicle, and all compbnents must dwell in the 
oven until this occurs. This can be a problem for many heat 
sensitive parts. 
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Alternate Soldering Techniques 
Also worthy of mention are two soldering processes 
which, for their own reasons, are gaining in popularity. 
These are wavesoldering and laser soldering. Wavesoldering 
of surface mount chip capacitors and resistors began in the 
early 1980s in Japan, and subsequently caught the attention 
of North American firms. [36] It was easy enough to test 
the method, since the equipment was already in place and no 
additional capital expenditures were required. Laser 
soldering is just the opposite in this regard, but seems to 
be gaining acceptance as it solves more and more problems 
inherent to traditional methods. 
The process of wavesoldering consists of gluing· 
components to PC boards, then flipping the board over to 
immerse the entire assembly side in a molten solder wave. 
Actually, because the protruding components often caused 
skips and bridges on the trailing edge, a dual wave 
arrangement was developed. [37] The first, turbulent wave 
penet·rates al.l points on the board to ensure proper wetting 
of the exposed terminals and pads~ A smooth, laminar wave 
follows which removes excess solder left by the first wave. 
The first wave applies a very short dwell time of heat to 
the board, and ac·ts as a preheat for the second wave. This 
helps to minimize the leaching effect described earlier when 
long dwell times are employed. 
2 1 
Problems with the method include the exposure of heat sensi-
tive devices to molten solder, components washing away • 1n 
th·e solder wave, and of course, leaching. While these 
problems are being solved with the development of new 
• epoxies solder alloys, they still more and are 
characteristic of wavesoldering than any other method. 
Laser soldering is a relatively new process which 
emp.loys 
II 
a computer numerically controlled (CNC) laser beam 
to individually and sequentially reflow solder paste or 
preforms. The beam is highly localized for an extremely 
short dura.t ion 0.5 seconds), which • • • m1n1m1zes (0.3 to 
component and PC board damage. Another advantage to the 
short pulse is the virtual elimination of any intermetallic 
compound. [38] There just isn't enough time for leaching to 
occur. The method is also well suited for soldering 
assemblies containing heat sinks. Mass soldering techniques 
don't fare well with such assemblies, since "hot spots" are 
formed and uneven temperatures ill~affect the reflow. The 
laser forms a solder joint long before hea·t can be conducted 
through the PC board into the heat sink. As with any new 
these systems are not entirely debugged, technology, 
however .• Much care must be taken to limit the beam width, 
and to choose a laser that won't cause reflected energy 
damage. [39] The main drawback with laser soldering, 
however, is cost. 
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Present CNC laser soldering systems are far more • expensive 
than any other method. 
capital expenditure, 
Not only do they require a high 
but operating costs must include 
higher skilled, higher paid technicians to program and 
operate the equipment. 
Final Assembly Cleaning 
The final proc·ess consideration for high 
reliability solder joints is post-reflow cleaning. This is 
performed in order to remove any flux residues. Since flux 
rosins polymerize rapidly, it is important to clean the 
assembly as soon as possible after reflow. The assembly 
should be cleaned by imme-rsion (batch) or spraying (in-line) 
by a flurocarbon cleaning agent. Flurocarbon cleaners have 
very low surface tension, 17.3 dynes/cm for pure FC-113, 
which allows quick and thorough wetting of all surfaces and 
crevices common to surface mounted components. [40] 
I 
I 
'. 
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Introduction To Part II: 
Wheras part I considered issues important to SMD 
solder joint reliability in general terms, part II will 
three experiments conducted as part of this present 
research. Each experiment tests the effect of product or 
process perturbations on solder joint reliability. The 
first experiment 
coplanarity of 
• examines the mechanical issue of 
• • 1ncom1ng PLCCs, and its impact on 
lead 
solder 
joint reliability. The second experiment deals with the 
problem of· leads which are bent to one side, called lead 
skew. This, too, is discussed along with data that 
indicates a correlation exists between lead skew and joint 
reliability. 
solderabi 1 it,_; 
oxidation. 
Finally, experiment III loo-ks at a 
issue in light of reliability problems: 
Part II wraps up with some general conclusions 
concerning the three experiments, and a section on future 
questions that need to be addressed in the field. 
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Experiment I: PLCC Lead Coplanarity vs. Reliability 
Statement of Purpose: 
Although a JEDEC specification for out-of-
coplanarity tolerance exists (see page 11) for multileaded 
SMDs, there was no evidence of research to support that 
standard. · This issue is important to manufacturers who 
assemble surface mounted boards, since incoming components 
can contain pins which are bent. Standards are 
needed when employing statistical inspection techniques to 
qualify these incoming components. It is my contention that 
the present .004" standard is unsupported by scientific 
evidence that correlates solder joint reliability with 
adherence to the standard. The following experiment was 
designed to correlate solder joiht reliability with degree 
of lead coplanarity, in hopes of either supporting or 
refuting the present JEDEC standard. 
Procedure: 
Several 28 pi.n and 44 pin "quad pack" PLCCs were 
randomly selected from a shipment bf incoming parts. These 
parts were examined under a low power microscope to ensure 
lead integrity (surface finish, oxidation, cracks, etc.). 
Then, using , a toolmaker's microscope and an opt.ical flat, 
the distance between each lead and the seating _plane was 
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carefully measured and recorded. This process continued for 
several hundred leads. To ensure the existence of extreme 
data points, several leads were purposely bent out of the 
seating plane, while making sure they remained parallel to 
adjacent leads. (see figure 1) The data from each device 
was subsequently entered into a microcomputer database. 
Later, this allowed pins to be sorted into groups of similar 
distances from the seating plane. 
A second, less direct approach was taken to 
compare and verify results. In this approach, the devices 
were placed on their backs upon a granite flat. A linear 
gage was then used to measure coplanarity using the plastic 
body as the datum plane. (see figure 2) To compensate for 
the possibility of inhomogeneous body thickness, a method 
was developed to determine the least squares fit plane 
through all of the leads. In order to illustrate the last 
point, consider figure 3, where the problem is exaggerated 
for clarity. 
It • lS obvious from the picture that all leads 
shown. are indeed coplanar; if inverted, all leads would rest 
equally on the dotted line. However, using the method 
described above would indicate that pin A is longer than pin 
B, using the plastic body's back as a datum. To remedy 
this, the z values calculated in world space are used to 
calculate the plane through which all leads best pass1 i.e., 
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the least squares fit plane. Given that plane can. be 
specified by the para~eters A, S, and C in the equation: 
z =Ax+ By+ C, (eq l l 
" . ., 
el= Z· - Ax. - By~ - C. 
"' A .A. A, 
wher-e·· e is the error, or s·imply the distarice from act-u-al 
poirtt·s and their theoretical location on the le·as:·t .squa.re.s 
plane. We wish to miniMize the sum of th~ squares of e for 
·a.11 i 1 s: (that is, :.for all n pin·s on the device). 
h ·t t I T--_ .u·s_,: m1.n1m1ze: 
.( e·q 3·) 
This is ·done by taking fir.st_ ·or.der deriv.ative-s with respect 
to Ar: B, and C_, an·d s-ett·i:ng them .equal to zero:. Th.at :is: 
l ll I - 0 - 2 t. ( z- - Ax - By-- C) {-x~ )' fe-q· 4) - - .. , ' ' .· \ .· ..c.. 
~= 
.A. 
[ 2:1 0 - 2t- ( z. - AX: - By. - C.} (-y~ ) (eq ._5-) -
" 
-" " 
..( 
~ [31 0 2 i ( C). (-1 ) (eq 6} ~ - - z. - Ax - By- -- - .A ' ' ..,4 . ·.· ., 
.. ( 
Now, [1] ·, [21 , :and [3] may be r~written as: 
[ 1] i x. z. - A2 x.i..+ af x. y. + ci y~· _(-~q 7) -
•• A. 
. .... 
...c 
...( 
-t ~ 
... 
"' 
t A~ B[ 
l. cz y-i (~q 8) [-2] y, z - X-Y· + y.+ -. 
-c. .e, 
.A. A A. 
..c. ,,i ~ 
[3] !z. = A.ix·+ B2 Y;. + en (eq 9.) . . ,;.( 
" 
.A .A. ~( A. 
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hence, it may be referred to as the uncorrected deviation 
(UD) from the best fit plane. ~ Enlarging the UD in figure 7 
and including all three dimensions, 
~ 
we see that UD is at an 
. ~ . 
angle alpha with respect to the normal P. In this reference 
frame, x 1 and y 1 lie in the least square plane, ' ~ with z and P 
normal to it. 
first see that: 
_..lli. 
To calculate P, the corrected deviation, we 
~ _. ~ ~ 
cos~= UD - P / tunt tPt (:e·q 1 o·) 
>-
where UD = (O,Q,UD) 
....:. 
P = (A,B,l) from Ax+ By+ C = z 
I . 
therefore, tPt = UD /(A.,.+ B .. + 1 ':) Ii. (eq .11) 
In order to handl·e :t·he large number of 
calou.·lat iotrs i.nvol.v·ect, a co·mpu ter program was writ ten. The 
algor:.i·thrrt contained t.he )( and· y values for both 28 a.nd 44 
pin, devi·c·es·:, t·aking a ·co.-rne.r as ( 0. ,·O). The u-se.r nee·.ct.ed ·only 
to s·pec.if._y world coordinat·e z. values· taken -from the li.near 
gag_e me·~su:r·ements. 
.. 
The p_rograrn. then cal~ulated the 
· t --- t' · d d t to the appr·o·p··ria· _e s-:urnma ion-s· ne:e_- e - -_-·o pass -on secon·d 
modu-le: in t··he program. Th·e s.ec·ond modul.e s.ol ved the ·three 
equations with th.r~e unknowns. 
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The values of A, B, and C were then passed to the third 
module. The third module subtracted the actual world z 
value from the height of the least square plane at the same 
location. This uncorrected deviation was then corrected 
using equation 11. 
Using this methodology, lead coplanarity was 
measured from the least squares fit plane, rather than from 
the seating plane. The idea was to compare the results, and 
to hopefully arrive at similar conclusions. One note of 
caution here is that negative deviations from the least 
squares plane were permissible, while it was physically 
impossible for • to break the seating plane and any pins 
protrude into the optical flat. Thus, only positive 
deviations were considered in the first methodology, with 
tbeir magnitude being roughly twice that of the second. (see 
figure 8) 
Both sets of data were recorded separately in the 
database for later anal.ysis. With each PLCC stamped with an 
identifying code,the d~vices were subsequently soldered onto 
PCBs using the screen print method described earlier. In 
order to ensure the integrity of the placement operation, 
production equipment was used to place the components 
accurately and consistently. Solder was then reflowed 
• via 
' 
the infrared technique describ~d earlier. 
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After final cl·eaning, the boards were cut into 
sec·tions, each containing one soldered PLCC. A jewler's saw 
Wci.s used to minimize vibration to the joints. Using a 
Dremel cutoff tool mounted in a drill press, the plastic 
body was removed, leaving only the perimeter of soldered 
I pins. (see photographs 1 and 2) The code which had 
identified each PLCC was transcribed onto the corner of each 
cut board sect ion for further ident if icati.on. 
The final step inv.olved the use· of a pu.11 test to 
determine solde.r jo,1-nt integrity. Each board :s·ection was ' . ' 
mounted upside down onto a platfor~ that acted very much 
.i.i.ke a gallows. (see photograph 3) 
·s:el·ected pin ·were .-ne:ed.le-n.o$e vise gr·ips: fashioneo with a 
hook f·ro:m ~hi¢h to su,ppo.rt a coff-ee ca.n. A funnel and hose 
arrangement poured sand at ·a. cons:t,.ati:t :r:ate into the can. 
unt:il th.e jo·int ·faile .. d .... A.t this ·time., t.he ca.n would dr·op 
o·nto· a sensitig ·switc·h,. de-en·erg·izing the s·ol.enoid whi.c·h 
·controlled the ctitoff va.lve~ WlliJ.e t:he ·feedb·ac·k was 
sl,ightly del·ayed ( since ·Some sand was still in the ·ho:se 
af·t_e_r the valve S,hut the f.unnel mouth), the de.lay was -
cons.ist.ent. This c.onsist.e:ncy allowed -m~aningfu.l co·mpa·risons 
betwe.en tri_al··S to. Qe il1ade. ·When t·h-e can ·drop.p.ed, it wa·s 
·weighed on a qµick-read digital scal-e, .and t.he force 
. I . 
req.ui.red 1to destroy the. so.Ider joi.nt w-as 1n 
th:e· da.tabase:.~ This pro.ce·cture wa·s :continued . . . . . . until e·nough 
- -
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' 
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.. 
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data points were available to produce a trend. The database 
was sorted by pullforce, and the degree of non-coplanarity 
was graphed against it for both methodologies described • 
... 
'·•. r &. • 
-< ... .-. • • 
Photograph]_ 
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Summary of Data: Experiment I 
Included in this section I 1S an abbreviated 
presentation of the actual data gathered in this experiment. 
The table presented (see table 1) contains all of the data 
used to plot the graph of coplanarity deviation versus 
pullforce for both methods used. In addition to this, 
appendix I contains the raw data, sorted by deviation 
ranges. For example, the first page of appendix I groups 
all pins on all devices that lay flat on the seating plane: 
that is,. th-.e-: deviq.tions· were all zero. Each _g·roup was the·n 
a·vetag.ed to arrive at the mean pull:fo.rce used on the graphs. 
All entri:es in the "COPLAN_ARITY" to··lurn.ns are in mils. 
Figure: 9- ili·u-str.ates me·thod l data gathered • 1n 
graphical ·torm. As mentione6 above, each d·ata point on the 
similar distances from the seating plane. The strai.ght l·ine 
repre:sen.ts the ·two dimensional :lea.st -squa:res fit to the 
d~ta. 
Figure 10 was ge.nerat.ed by th-e d_a.ta gathered us--ing 
me·th-od 2. 
:s.quares fit to the data, in.eluded to i.ndicate the general 
trend. 
4··0 
METHOD I 
--------
COPLANARITY 
DEVIATION 
(MILS) 
MEAN 
PULLFORCE 
( Kg X • 001) 
----------- ----------
-
0 1247 
........ 
l 138'5 
2 1412 
3 1395 
4 1304 
5 704 
6 793 
7 407 
10 60.7 
METHOD II 
---------
COPLAN ARI TY 
DEVIATION 
(MILS) 
-----------
-5 
-1. 
0 
1 
2 
MEAN 
PULLFORCE 
(Kg X .001) 
------------
532 
889 
12·6-6 
1416 
Table 1: Mean Pullforce Data Summary 
For Experiment I 
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Analysis of Data: • Experiment.!. 
Tin-lead solder is a relatively soft and ductile 
material. Because the strength of a solder joint lies • 1n 
the metallurgical bond at the solder - base metal interface, 
the joint weakness lies within the solder itself. One 
expe·c-ts to find, therefore, that joint strength is inversely 
proportional to solder volume present between mating parts. 
-T_his helps to expi~in the results of experiment I , 
summarized in _gra __ pbicct.l_ form in fig·u-re:s 9 and 10. The 
solder joints charqcter·ized. b·y th,e highest p.ull strengths 
we,re th.os·e whi.ch hao tbe .least so.·l.der pres-e:nt. In method 1, 
these pins' deviations from the seating plane were near 
observat-ion was supported by the of. This 
method 2. There, the st·rongest joint·s ·we:.re fou-nd. to oc:cur 
,at t.he pins ha.ving the la.rg.e-st positive devia.t-ion fr.om tl1e 
leas:t iS:quates plane. A -loo·k a·t f ig:t..1re a_: will s_h.o-w that 
these are the same _pin:s which_ .are closest to t_he se}i:-ti.ng 
plane. As- th~ deviati~ns from the ~aating plane increas~a-, 
s.o did -the vo:1u·rne o:f solder betw.een pin an.d -pad, and, the 
joint st·rength qecreased. 
i tsel.f is: seen in p·h_otographs 4 and 5 .• -E_a·ch 
tnagnif_i:ed view of a. fa.iled joint. The sur-face 'Of the· s.o.lder. 
at :the joi·nt. failure is seen to be rough .and u-n:even. A 
ph·otog·r-aph of the pin that was pull~a- :f·rom that _joi_n·:t would 
'· 
44 
show that solder stuck to the pin as it was pulled away • 
....... .. 
. . 
Without knowing whether the failures were i nterf ac ial '( b:y 
observation through a scanning electron microscope) 11 t ... ·1s 
impossible to say whether the failures were ductile. All 
that can be said is that the results of this experiment are 
consistent with similar experimen·ts involving silver brazed 
joints, where hydrostatic constraint has increased the 
strength of Ag brazed joints. [42] 
Other factors w·hich r·e.duce-d joint strenth were 
jo.·int d-ef.ects. Ph·otog·raph s.,· the more .high.ly rnagni f ied 
·view, s·hows evidence ot· entra.pped gas bu.bbles within :t:he 
solder v.ol·ume. T·h·i·s ·ob·vio·usly contriQu,ted to the weake:ning 
., 
of ·t:h·e· sold:er itsel·.f, wher·e th~ ·fai:lu.re occur~d ~ Finally·., 
·t-he s-;li_ght misalig_:n.ment of com.ponen t:s 
I 
1S app.a:-r.e.nt ·• 1n 
p·hotogra·ph. 4, which s.hows the j'oint:s .( o_n non-skewed p,ihs) 
were not p~rfectly tehtered on the pads~ This cor1t·rib.ute.d 
to small.er f illet,s in -s,ome- ·cases, r:ed·ucing the surf·ace area 
of co·ntact. 
To s-ee how well the least square 1 ine des,c.ribes 
the_. trends se·en on the graphs .in f igu..res. 9 a.t1d .1·0, the 
coeffici .. e·nt o·f cor·r~lati·on will nc1w be deter_m.iri_ed. _Fir-st, 
t·he least squar~ l.ine equatio·n c-an. be fo_.und from the meth·.o·d· 
a·escri'bed ear·lier to ct·etermitre the le.ast s:q_µa_·re pl·an:e. 
· eq·uat· ion (. se.e· eq·s 7' ..;. 9). • 
The result of that derivation yields: 
I 
4ZY = mf X + bN 
and [ XY = rnf XL+ b[. X 
(eq 12) 
(eq 13) 
Arranging the data from method 1 to solve equations 12 and 
13: 
£x --
t. y --
thus, 
38 
92.54 
X 
-
0 
1 
2 
3 
4 
5 
6 
7 
10 
y 
1247 
1385 
1412 
1395 
1304 
.,_ 
X 
0 
1 
4 
9 
16 
25 
36 
49 
704 
793 
407 
607 100 
Table 2 
£x "Z. 240' --
f.xY - 30807 -
9254 = 38m + 9b 
30807 = 240m + 38b 
46 
XY 
--
0 
138 5 
2824 
4185 
5216 
3520 
4758 
6·070 
/1 
solving, it follows that: 
Yc .. i = -103.9X + 1467 (eq 14) 
Next, the total variation of y • 1S defined as: 
total variation 1... ( y - 2 - - Y) (eq 15) -
that • the of the of the deviations of the 1s, sum squares 
values of Y front the mean Y. Squaring both sides of: 
-y - y = ( y - ~ + ( Y"5,; y) (eq 16) 
and summing, we have: 
[ -~ <' '2. t _'L <' · . ( Y - Y) = '- ( Y - Y-1~-t ) + ( Ye~f- Y) + 2· £... ( Y - Y\!-.,t ) ( Yelt - Y) 
The last sum • lS zero, . . h since 1n t ·e ·case of a linear 
• regression, 
f.(Y - Y(>;,+) (Y~st- Y) =L(Y - mx -b) (mX - Y + b) (eq 17) 
- bi. ( Y - mx -· b). + m [ x ( Y - b -mx )" - Y t_ ( Y - b - mX) = O 
because of the normal equations: 
Thus, 
f_ ( Y - mx - b) = O and [_ x ( Y - rnx - ·b) = O 
(eqs 20, 21) 
< J. < -'2-
t o t. a 1 v a r i at ion = ~ ( Y - Y~ ::.t ) + L- ( Y '1~ ~ - Y ) · (eq 22) 
The first term on the right of equation 22 is called the 
unexplained variation, while the second ~-~rm is cal:led the 
explained variation, so called because the deviations ~::.t- Y 
have a definite pattern while the deviations Y - Y behave in 
~1-
a random or unpredictable manner. [41] 
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The ratio of the explained variation to the total 
variation is the coefficient of determination: the square 
root is the coefficient of correlation. 
explained variation 
,,,_ 
r = +/-
---------------------
total variation ) 
r = +/-
- '-
'Z.. (Yest - Y) 
-----------
'[ (Y - Y)z. 
'12. 
' 
(eq 23) 
This value varies between -1 and +l, indicating negative and 
pbsitive correlation, respectively. The closer to +l or -1, 
the greater the correlation, and hence, the better the 
straight least squares line describes the trend. Below, in 
tible 6, are the values needed to calculate r for method 1~ 
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X 
-
0 
1 
2 
3 
4 
5 
6 
7 
10 
-Y Y-Y 
- ---
1247 219 
1385 357 
1412 384 
1395 367 
1304 276 
704 -324 
793 -235 
407 -621 
607 -421 
( Y-Y) ... -
----- - -----
47873 
127306 
147302 
134542 
76066 
105106 
55319 
385889 
177409 
1467 439 
1363 335 
1259 231 
. 1,.15 6 12 8 
1052 24 
948 -80 
844 -184 
740 -288 
429 -599 
Table 3 
----
From table 3, we see that: 
The 
explained variation= 857,268 
total variation= 1,256,812 
coefficient of correlation - -.83 
negative sign indicates that as X • 
- 1 ( Y~;- y) 
-------
192721 
112225 
53361 
16 384 
576 
6400 
33856 
82944 
358801 
increases, y 
decreases. For the sake of brevity, only the result of 
these calculations is shown for method 2: 
method 1: r = -.83 
method 2: r = +.96 
As seen above, method 2 gives a much higher coef f ici.ent. of 
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correlation. Since methods 1 and 2 were performed on the 
same pins, one· would expect the two r vllues to be roughly 
the same (albeit, with different signs). 
The fact that method 2 correlation is much higher 
suggests that the method may be better thah method 1. 
During the measurement process, the PLCCs were in fact more 
prone to shift using the method 1 fixture (figure 1). This 
shifting may have lead to paralax error. In method 2, the 
PLCCs were placed on their backs, and had no chance to move 
about. Also, as the probe on the linear gage was lowered to 
touch a PLCC lead, it was viewed through a low power 
• microscope. This assured that the probe just rested on the 
very bottom of the lead. For these reasons, method 2 
• lS 
probably better, and is recommended for use in practice. 
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I 
Photograph 4 
Photograph 5 
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Experiment II: PLCC Lead Skew vs. Reliabiiity 
Statement of Purpose: 
For the same reasons that cause some leads of 
incoming PLCCs to arrive non-coplanar, other leads 
• arrive 
bent to one side. This phenomenon shall be described here 
as lead skew, and can be seen in photograph 6. Unlike the 
issue of coplanarity, no JEDEC standard exists to limit the 
acceptable degree of lead skew. It is generally accepted in 
industry that if more than one-half of the width of a 
• pin 
does not lie on the pad, then that connection is considered 
-
unacceptable. The experiment here was designed to test this 
rule of thumb by correlating lead skew with solder joint 
strength (reliability). 
Photograph~ 
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Procedure: 
r 
The procedure here was similar to the procedure in 
experiment I. The experiment follows the same three step 
process: recording bent leads in the data base, soldering 
the measured components onto PC boards, and performing a 
pull test lead by lead. Here, instead of the leads being 
bent out of the seating plane, they are bent to the side. 
To measure exactly how far to the side a given pin was bent, 
the same fixture and toolmaker's microscope was used as 
I 
1n 
experiment I. (see figure 1) With the PLCC mounted in the 
fixture, the crosshairs were aligned with the top of a pin -
the part where the pin is attached to the plastic body. The 
micrometer reading.was recorded when the vertical crosshair 
was in the middle of the pin. The XY table was then moved 
·so that the crosshairs aligned with the bottom of the pin -
where the pin meets the seating plane. Again, the vertical 
crosshair was centered on the pih and the micrometer reading 
was subtracted from the first reading. (see figure 11) That 
value was subsequently recorded in the data base for each 
pin tested. Not all pins were recorded; in order to isolate 
the effect ·of lead skew on joint strength, only coplanar 
leads were examined. 
The rest of experiment II proceeded exactly as 
experiment I• The components were soldered 
• using the 
infrared reflow technique, and all assemblies were washed in 
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' . I 
~>I ..._.._l<-LEAD SKEW 
' I 
Ftgure 11 
an aqueous solvent cleane-r. The boards, each contain.ing 
three devices, were cut into sections on which one component 
was soldered. The plastic body was cut away, leaving only 
the perimeter of pins. The board sections were mounted on 
the pulltest apparatus, and the pulltest data were recorded 
in the data base. 
For each pin included in the experiment, the data 
base contained both the lead skew value and the pullforce 
value, along with the pin identification. The data base 
was then sorted, creating lists of pullforce values for 
54 
similar lead skew values. For example, all pins that were 
between Q.and 1 mil skewed were grouped and displayed along 
with the corresponding pullforce data. The pullforce data 
were then averaged for each group. This condensed data was 
then graphed against lead skew, and appears in the next 
section • 
• 
. f . 
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Summary of Data: Experiment II 
The data included in this section is in the same 
format as in experiment r. Table 4 provides the mean 
pullforce data summary for the lead skew experiment. The 
first group contained those pins which were perpendicular to 
the seating plane: they possessed zero lead skew. The 
second group includes pins characterized by a lead skew 
between 0.1 and 1 mil, inclusively. This group appears with 
a lead skew of 1 mil in table 2. The rest of the table 
follows i.n a similar fashion, with the value listed in the 
table actually being the highest value in the group. Figure 
12 presents this condensed data in graphical form. To 
indicate the general trend, the data was graphed along with 
the least square line. 
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LEAD SKEW 
(MILS) 
---------
0 
1 
2 
/ 
II, 
/" 
/ 
MEAN 
PULLFORCE 
(KILOGRAMS) 
-----------
1.1245 
1.1930 
1.0670 
3 0.9394 
4 1.0330 
5 0.8009 
6 0.8820 
7 0.8720 
8 0.9080 
9 0.6510 
10 o.1·030 
11 0.7400 
12 0.5760 
13 0.7320 
14 0.6430 
15 0.7000 
Table 4: Mean Pull force Data s·ummary 
For Experiment II 
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Analysis of Data: Experiment II 
Clearly, the graph in figure 12 indicates a trend 
of decreasing joint strength with increasing lead skew. 
Because there were so many variables that could have caused 
the pull strengths to vary as they did, only the trend was 
indicated by the straight line. Notice the the high degree 
of scatter. Calculating the coefficient of correlation for 
the data with respect to the least squares line gives 
r = -0.89. 
The force exerted on the solder joint during the 
pull test can not be assumed to be uniaxial. Since the 
skewed pins were on an angle with respect to the normal, 
shear and bending stresses must have contributed to the 
failure. The inability to exactly control the loading 
geometry led to variations in the data, which is why the 
graph is so scattered. 
Another observation worth noting is that lead skew 
does .not have as great an effect on solder joint strength as 
coplanarity deviations. The slope of the least square line 
for the skew data is only -34.8, while for coplanarity 
deviations, joint strength decreased more rapidly: -103.9 
for method l and 123.0 for method 2. An explanation for 
this could be the variable j·oint thickness present at skewed 
• At least edge o.f • • contact with the pins. one a pin was 1n 
pad, and it has already been shown that pin contact 
• 1n 
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.. 
general pro uc s strong r joints. In contrast, the pins in 
experiment I were bent direct y away from the pads, and 
every mil of coplanarity deviation resulted in another mil 
of solder thickness in the joint. 
To illustrate the compicated geometry present at a 
skewed lead, refer to photograph 7, where the leads shown 
were skewed about 10 mils. 
Photograph l 
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,Experiment III: Solder Paste Oxidation vs. Reliability 
Statement of Purpose: 
As mentioned earlier, oxidation present either on 
the PCB pads, or the SMD leads will have a detrimental 
effect on solderability, and hence on joint reliability. 
Even more important to the formation of a good joint is the 
lack of oxidation in the solder paste. Good practice 
dictates that incoming boards should be washed and pre-
tinned to • • • m1n1m1ze pad oxidation .• Incoming components 
should either be pre~tinned, or they should arrive that way 
ftom the vendors. In order to control solder paste 
oxidation levels, however, guidelines must be established 
limiting how long it may safely remain exposed to the 
• 
arr 
before use. In this context, "use" can mean one of two 
things. First, how long can an open jar of solder paste 
remain useful, and second, how long can screened boards 
remain in queue before components are onserted? The fir~t 
question is less critical, for two reasons. 
small amount of paste is used at a time, 
Firs·t, only a 
and the . ~ Jar 1s 
usually resealed immediately. Second, if a jar is left open, 
only the top surface wili be exposed, and the 
I I 
rema1n1ng 
volume will be protected. The purpose of this e·xperiment, 
therefore, is to correlate the elapsed time of screened 
boards' exposure in a production environment with solder 
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joint reliability. It is important to remember that typical 
electronic assembly environments are humidified to help 
prevent static discharge. 
Procedure: 
In this experiment, a few dozen PLCCs were 
carefully inspected to insure that no oxidation or other 
surface defects were present on the leads. In order to 
isolate the effect in question, only non-skewed, coplanar 
pins should have been recorded in the data base. 
very few pins on any device meet these criteria. 
the sample • size, all pins were used without 
However, 
To limit 
regard to 
coplanarity or skew. In order to compensate for this, three 
44 pin devices were used as one data point, providing 132 
pins from which to choose. 
Fourteen PCBs were washed in a Corpane aqueous 
cleaner using Freon to ensure good solderable pads. A fresh 
jar of solder paste was opened, and all fourteen boards were 
screen printed immediately. At the same time, fourteen - 10 
mil thick solder paste samples were squeegeed onto plastic 
shee·ts. The 10 mil thickness was chosen to match the 
nominal. thickness o·f paste appli·ed onto .the PCB pads. The 
thickness applied to the plastic sheets was controlled by 
knowing the density of the solder paste. Each sample was 
carefully weighed and spread over the proper surface area, 
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I . 
enf3uring _a: mean thi·ckness of 10 mils •. A.·11 
1 b:oarcts· ·a.ncf 
. •' ... -~ -
.. 
correspon·ding 
· · · &.1 · · · · · · ·ct-"·. r,e L· .. o. w.e · -· : • 
. . . 
. . .. . 
. 
.. · 
hour·s .• 
. . .- ... 
c:ru-ci·bile. 
. .. . •· 
' .- ..... ,' . 
The 
sampl.es 
·first 
-a011d -t_: __ -h· .. ··_··_· __ · _._:_-·re:e. 
were marked with an :i ct··e n·t: i·:f· i.c·a t i:on· ~ . .. ' . •. ' '-,. . . . . . ••'. ·-
board was ta.k:en out 
44- _pir1 P·L:CCs :viEfr·e- -onserted ,: t:hen·-
in. h:ope:s: it>'f qua·n'ti·f'.-yin.g t·he degre·.~, o:r .o.xidat·i.oo-. ( s.·e· .. e- :pa·g.e: 7 
·ftir :a d~s.:c.ri:p:tio.n :of th_Ef :·peatfut o.i:l t.esb:) w·h·e.n ·a.1·1 four·teen 
:a t· irrte 
:p11l.J--t-orce: =ct·u:e ·t··. - o--· .• . 
The bo.a--rg_ th,a.t. w·as 
P-···r:oc·e s s : - .. - - . - . , ·t·he :1.ar:g.e;st d·.i -f .. f.·:er_e. n c.e 
o)t::id:atio:n: slioul.:d hav:e 
6:.3 
. ·' 
Summary of Data: Experiment III 
The data listed here includes pullforce values for 
·t.he. ·two. extreme cases i.n experiment I I I. Table 5 lists the 
.p.ul.lforc.:e values, fqr· 1:·h·e case where the b.oard was ref lowed 
imrned·ia·t.e.I:y.. (··aft.er all boar·cts had been :$Cr'3.ened, one-half 
ho't'.l.r had e·1:1:a:psed:) ... At the. b:otto.m o::f, tih.e ta.p:l.~·,. t'he mean 
pullforce. fo·r tJ1:a:t t.rial i.s s:e.en ·t:o. :b·e 1~·3.:5·:0' ,Kilograms. 
Thus:.~ ·ove:r t_h~ ~or1.t.i.te· 
. . ... "h . . . . . d po ,1 ot.:s 1:r.1: ·t · 1 s e·x·p,e:·r 1.me n.t rema .. t .ne · a,t twcf •. 
the f.acility· .. . .. 1.·n ··t.e1t1pe ra:t u.·re, 
6·0· -5! ·. ·.··O·:e· 
:.6·.4·' . . . 
. - ·' _. 
) 
PIN I.D. 
aai-------
0/01/01 
0/01/12 
0/01/23 
0/01/34 
0/02/01 
0/02/12 
0/02/23 
0/02/34 
0/03/01 
0/03/12 
0/03/23 
0/03/34 
PULL FORCE 
(KG x .001) 
-----------
1764 
1435 
1557 
1436 
1160 
1073 
137 3 
1221 
1311 
1376 
91.3 
1590 
OXIDATION 
(HOURS) 
----.-.----
0.50000 
0.50000 
0.50000 
0.50000 
0.50000 
0.50000 
0.50000 
0.50000 
0.50000 
0.50000 
0.50000 
0.50000 
Mean Pullforce = 1.350 Kilograms 
Table 5 
-
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I 
PIN I.D. 
~-------
0/04/01 
0/04/12 
0/04/23 
0/04/34 
0/05/01 
0/05/12 
0/05/23 
0/05/34 
0/06/01 
0/06/12 
0/06/23 
0/06/34 
PULLFORCE 
(KG x .001) 
____ .... _____ _ 
1359 
1234 
1611 
1474 
1242 
1164 
134·0 
1288 
1140 
1273 
1225 
OXIDATION 
(HOURS) 
---------
48.0000 
48.0000 
48.0000 
48.0000 
48.0000 
48.0000 
48.0000 
48.0000 
48.0000 
48.0000 
48.0000 
48.0000 
Mean Pullforce - 1.333 Kilograms 
Table 6 
---
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Analysis of Data: Experiment III 
It is apparent from the data
 presented that 
only minor damage due to oxidat
ion occurred during the 48 
hour life of the experiment
. An analysis 
experimental conditions revea
ls that good, 
the 
solderable 
surfaces on both the PCB pads
 and on component leads 
confined the effect of oxidation 
to the solder paste itself. 
The solder paste used was Sn-62 (which c
onsists of 62% tin, 
36% lead, and 2% silver), and it contain
s enough flux binder 
to slow down the process of oxid
ation. Although the peanut 
oil test performed on the 48 hou
r sample did reveal evidence 
of some oxidation, less than 1
5% of the surface area was 
pocked by oxidation marks. For a
 comparison of the 0.5 hour 
and 48 hour reflowed samples, 
see photographs 8 and 9. 
While the surface area of the
 0.5 hour sample is almost 
totally free from any blemishes (p·hotogr
aph 8), the solder 
surface of the 48 hour sample c
ontains some. As evidenced 
by the pulltest, however, the e
xtent of the oxidation was 
not great enough to reduce the joint streng
th significantly. 
Longer trial times are needed t
o determine how 
long the screened boards can rem
ain exposed: before oxidation 
causes dewetting problems and
 solder balls. From a 
practical standpoint, however, 
it is unlikely that boards 
would need to remain in queue l
onger than two days after 
I • 
screening. The trial times s
elected for this· experiment 
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were chosen to span the set of normal operating conditions. 
For example, it was desirable to know whether it was 
acceptable to screen boards before lunch, and place 
components after lunch. Because the screen printer 
I 
lS 
essentially a batch operation, it was important to know the 
limit, if any, imposed on batch size due to oxidation of the 
WIP. The results of this research suggest that under the 
same conditions (70 degrees F, 60% humidity), it is safe to 
screen all Of the boards for one day's production at a time. 
If some of the boards are .not used that day, they can be 
assembled the next morning, resulting in higher utilization 
of the assembly equipment. Otherwise, the pick and place 
cell I remains idle until the board·s are screened · for that 
day's production~ 
' ... t 
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~·· 
Photograph 8 
Photograph 2_ 
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Conclusions 
The purpose of this thesis was to investigate 
several I issues important to SMD solder joint reliability. 
Part I was generated as the result of a literature search, 
and dealt with generic product and process considerations. 
Product considerations included components, the substrate, 
and the solder paste. Process considerations investigated 
included component preparation, screen printing, the 
onsertion process, solder reflowing, and cleaning. 
Part II consisted of three experiments, each 
designed to address a specific issue. Experiment I used two 
methods to measure lead coplanarity, and via a pull test, 
correlated coplanarity deviations with joint strength. The 
end results of th~t experiment were the graphs on pages 41 
and 42. The results of both methods support the contention 
that joint strength reduces as leads fall farther away from 
the seating plane. Th.is can be attributed mainly to the 
reduction in surface area at which the lead contacts the 
solder. The graphs do not in themselves suggest ·"the" best 
operating point, but rather ·indicate a trend~ It is up to 
the designers to pick an operating point, and impose that 
reliability requirement on 
I I 1ncom1ng components. For 
example, military aerospace applications necessarily require 
stricter standards than do commercial products such as 
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watches or calculators. As the need for reliability 
increases, so does the need for incoming inspection of 
components 
tolerances. 
to ensure they meet coplanarity and skew 
This is a zero value added cost, and must be 
considered when choosing an operating point on the graphs. 
Experiment II investigated the hypothesis that 
lead skew affects solder joint strength in the same way that 
coplanarity deviation does. The graph on page 51 supports 
this notion. The same effect seems to cause the weakening: 
a reduction in surface area between pin and solder. The 
same guidelines should be used to pick an operating point on 
this graph as on experiment I graphs. 
Since the phenomena under study in experiments I 
and II were isolated (i.e.t only coplanar leads were skew 
tested, and vice versa), it is probable that the combination 
of the two effects would act to reduce joint reliability 
even further. Incoming component inspection programs should 
consider this when developing acceptable tolerance limits •. 
Clearly, the two attributes studied in experiments I and II 
should be inspected at least .on a statistical basis in every 
surface mount assembly operation. While that can be 
accomplished irt a ntirnber of ways, the methods used in this 
research are quick, reliable, and cheap. Perhaps an 
improvement would be an inspection technique that could 
measure lead skew and coplanarity deviation simultaneously 
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using fixed gages. While the initial cost would be higher 
than for variable measurement equipment, 
would be significantly less, and the 
quickly be justified. 
the operating cost 
added cost would 
Finally, experiment III determined that oxidation 
of solder paste due to exposure to a normal production 
environment did not severely reduce joint strength after 48 
hours. The action of the flux binder was enough to retard 
oxidation for at least that long. The implications of this 
are that screen printing can be done as a batch operation, 
with a full day's production being screened at once. Also, 
boards that have been screened the day before do not have to 
be washed and re-screened before use. 
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Future work 
Although the information gained through this work 
is useful, much work still needs to be done in the area of 
SMD reliability. For the engineer who wishes to pursue the 
topic beyond the scope of this research, this section was 
included to provide some ideas. 
The first suggestion • lS to repeat the three 
experiments presented here, using different means to test 
solder joint strength. Common methods used today would 
include the use of a tensile testing machine, or the 
subjection to thermal cycling to· induce stress. The former 
is similar to apparatus used here, pictured in photograph 3. 
Many tensile testing machines are equipt with the ability to 
interface with a computer. This would greatly increase the 
data collection speed, allowing many more pins to be tested 
than was practical here. The accuracy of a commercial 
instrument would undoubtedly be higher, too, providing more 
reliable data. The latter method is a totally different 
approach, whereby soldered components are alternately placed 
in a high and then a low temperature bath until failure 
occurs. This testing method is useful, because it more 
closely matches true operating conditions than the pull test 
• 
A very important topic for further i-nvestigation 
is the establishment of a link bet~een pull force as a 
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measure of reliability, and 
the actual reliability of a 
component's solder joints in the field. 
Until that is done, 
this research is largely incom
plete. This is a long and 
difficult task; one not likel
y to be tackled in a master's 
thesis. 
Another useful extension of th
is research would be 
to investigate the same phenom
ena using components having 
the smaller, 20 mil pin spacing
s with up to 256 pins. While 
the current utility of such dev
ices in commercial markets is 
limited, 20 mil space devic
es are expected to 
I gain I 1n 
popularity in the next few yea
rs. 
With the many different s
oldering techniques 
available to SMD process engine
ers, research indicating the 
supremecy of one method over 
the others on the basis of 
joint reliability would be welcome. 
It is currently an 
' issue of controversy of whet
her vapor phase solder joints 
will survive the test of time. 
Even more suspicious is the 
method of laser soldering. Bec
ause only the infrared method 
was used here, it would be a
 nat~ral extension of this 
research to include others, w
ith the variable under study 
being the reflow method. 
In order to assist the designe
r.s of SMD products, 
an investigation into the
 relationship between. 
size/spacing and joint strength would be
 useful. 
pad 
Although 
this was not a variable here, 
the skew test experiment was 
74 
' 
conducted on boards containing one size/spacing, while the 
coplanarity test was conducted on another board type. 
Casual observation makes one notice that the average joint 
strength was higher in the coplanarity experiment than the 
skew test experiment. It is possible that the different pad 
size/spacing contributed to that difference. The 
suggestion, then, is to determine the optimal pad size and 
• spacing for a given PLCC 
• size, using the same methodology 
used here. 
Because the duration of the oxidation experiment 
was too short to illustrate a significant degredation 
• 10 
jo·int strength, future work in this field should extend the 
trial times. It would be very useful to know just how long 
the screened boards can remain in queue before they begin to 
be severely affected·. The answer to that question could 
have a significant impact on the master schedule of an SMD 
assembly operation. 
Finally, it would be useful to develop a better 
test (than the peanut oil test) to quickly qua-ntify oxide 
presence in solder paste. While the peanut oil test did 
provide an indication of oxidation that was otherwise 
undetectable, it lacks the ability to provide a quantitative 
measure-. At the present ·time, only "wet chemical" tests can 
answer that question, and such tests are typically done by 
an outside laboratory. Thi.s lag in feedback is unacceptable 
75 
to the quality assurance engineer who may need immediate 
information about the current process. No one wants to here 
two weeks later that the solder paste used two weeks ago was 
' 
bad. The ideal test could be done by a line operator, 
before using a jar of solder paste to screen a batch of 
boards. 
/ 
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AP'P.END:IX I: 
-----· ---·. ---· -----
COMPLETE EXPERIMENT I DATA 
... ·, .. ·• .... , ·. - --· -----
·SO·:RT.ED: BY ME.TH:O·D 1 COP .. LANARITY .DEV.IATIONS 
- .. ·_. ___ ·. ,-.. _ -. ·--.. ~-. _- ···- .. ·_·,. . 
PIN I.D. 
---------
C/01/05 
C/01/06 
C/01/07 
C/01/19 
C/01/20 
C/02/09 
C/02/10 
C/02/11 
C/02/23 
C/02/24 
C/02/25 
C/02/26 
C/03/01 
C/03/02 
c/·03/03 
C/03/04 
C/03/15 
C/03/16 
C/03/17 
C/.03/18 
C/03./19 
PULLFORCE 
(GRAMS) 
---------
1564 
1583 
1585 
1544 
1023 
783 
1003 
870 
828 
856 
891 
1450 
1552 
1300 
1217 
1416 
1576 
1504 
COPLANARITY: 
METHOD I 
------------
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
81 
COPLANARITY: 
METHOD II 
------------
2.30000 
2.30000 
1.80000 
2.60000 
2.60000 
0.90000 
1.00000 
1.10000 
1.50000 
1.10000 
1.50000 
1.70000 
0.60000 
1.00000 
0.50000 
0.50000 
0. 600-00 
0.9000.0 
0.70000 
0.80000 
0.30000 
PIN I.D. 
--------
C/03/20 
C/04/03 
C/04/15 
C/04/16 
C/04/17 
C/04/19 
C/04/20 
PULLFORCE 
(GRAMS) 
---------
1564 
1069 
1237 
1638 
818 
1230 
1066 
COPLANARITY: 
METHOD I 
------------
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
82 
COPLANARITY: 
METHOD II 
________ ... __ _ 
0.10000 
3.70000 
1.50000 
2.00000 
1.60000 
2.00000 
2.60000 
PIN I.D. 
--------
C/01/03 
C/01/08 
C/01/11 
C/01/12 
C/01/15 
C/01/16 
C/01/17 
C/01/22 
C/02/08 
C/02/12 
c/02;·22 
C/02/27 
C/03/05 
C/03/06 
C/0-3/13 
C/03/23 
C/03/24 
C/04/02 
C/04/09 
C/04/10 
C/0.4/12 
PULLFORCE 
(GRAMS) 
---------
2162 
1598 
1H48 
1504 
1542 
1443 
0·17 
784 
917 
919 
1432 
1391 
1316 
1425 
1618 
1254 
1428 
1542 
1516 
COPLANARITY: 
METHOD I 
------------
0.50000 
0.80000 
0.80000 
0.90000 
0.80000 
0.90000 
0.80000 
1.00000 
0.40000 
0.40000 
0.50000 
0.80000 
0.70000 
0.60000 
0. 9000.0 
1.00000 
o .• 9·0000 
1.00000 
0.50000 
0.90000 
0.90000 
83 
COPLANARITY: 
METHOD II 
-------------
2.40000 
1.60000 
1.70000 
1.70000 
1.40000 
1.40000 
1.70000 
1.90000 
0.80000 
0.20000 
0.90000 
0.80000 
0.40000 
0.40000 
0.80000 
0.30000 
0.40000 
2.30000 
2.10000 
1.60000 
1.40000 
PIN I.D. 
--------
C/04/13 
C/04/14 
PULLFORCE 
(GRAMS) 
---------
1245 
1387 
COPLANARITY: 
METHOD I 
------------
0.60000 
0.90000 
/ 
84 
COPLANARITY: 
METHOD II 
------------
1.40000 
0.30000 
PIN I.D. 
---------
C/01/01 
C/01/02 
C/01/10 
C/01/14 
C/01/21 
C/01/23 
C/01/25 
C/01/26 
C/01/27 
C/02/04 
C/02/06 
C/02/07 
C/02/13 
C/02/14 
C/03/09 
C/03/10 
C/03/11 
C/03/12 
C/03/21 
C/03/22 
C/03/25 
PULLFORCE 
(GRAMS) 
---------
1680 
1668 
1902 
1902 
1406 
17 24 
1557 
1304 
895 
878 
1016 
1038-
1478 
1691 
1460 
1737 
1005 
1420 
COPLANARITY: 
METHOD I 
------------
1.30000 
1.10000 
1.90000 
1.20000 
1.10000 
1.50000 
1.90000 
1.60000 
1.20000 
1.80000 
1.90000 
1-.90000 
1.20000 
1.40000 
1.30000 
1.30000 
1. 30.000 
1.10000 
1.90000 
1.40000 
1.10000 
85 
COPLANARITY: 
METHOD II 
_____ ... _,_ ___ _ 
2.20000 
2.40000 
1.10000 
1.10000 
1.40000 
1.50000 
1.60000 
1.70000 
0.20000 
0.00000 
-1.10000 
-0. 2000·0 
-0.90000 
0.60000 
0.40000 
0.30000 
0.80000 
-1.50000 
-0. 6000·0 
0 .10·000 
PIN I.D. 
--------
C/03/26 
C/03/27 
C/04/05 
C/04/06 
C/04/08 
C/04/21 
C/04/22 
C/04/23 
PULLFORCE 
(GRAMS) 
---------
1584 
1158 
1190 
1340 
1264 
1472 
1527 
COPLANARITY: 
METHOD I 
------------
1.10000 
1.20000 
2.00000 
1.80000 
1.40000 
1.80000 
1.10000 
1.50000 
86 
COPLANARITY: 
METHOD II 
------------
-0.30000 
0.20000 
1.00000 
1.70000 
1.60000 
1.00000 
1.50000 
1.60000 
PIN I.D. 
--------
C/02/02 
C/02/05 
C/02/28 
C/03/08 
C/03/28 
C/04/07 
C/04/24 
C/04/26 
C/04/27 
C/04/28 
PULLFORCE 
(GRAMS) 
---------
1117 
1222 
1132 
155·9 
1539 
1639 
1554 
COPLANARITY: 
METHOD I 
------------
2.90000 
2.30000 
2.20000 
2.40000 
3.00000 
2·. 20000 
2.20000 
2.60000 
2.60000 
2.90000 
87 
COPLANARITY: 
METHOD II 
------------
-0.50000 
-1.20000 
-0.90000 
0.00000 
-1.80000 
0.80000 
1.20000 
0.90000 
1.10000 
1.20000 
, 
PIN I.D. 
--------
C/02/01 
C/02/03 
PULLFORCE 
(GRAMS) 
---------
COPLANARITY: 
METHOD I 
------------
3.70000 
3.10000 
88 
COPLANARITY: 
METHOD II 
--------------
-1.00000 
-1.40000 
PIN I.D. 
--------
C/02/15 
C/03/07 
PULL FORCE 
(GRAMS) 
---------
1075 
1533 
COPLANARITY: 
METHOD I 
-------------
4.70000 
4.20000 
89 
COPLANARITY: 
METHOD II 
------------
0.80000 
-2.90000 
PIN I.D. 
--------
C/01/13 
C/02/16 
C/02/17 
C/02/18 
C/02/20 
C/03/14 
C/04/01 
PULLFORCE 
(GRAMS) 
---------
853 
0 
829 
0 
1352 
1195 
COPLANARITY: 
METHOD I 
------------
5.60000 
5.50000 
5.50000 
5.80000 
5.80000 
5.30000 
5.20000 
90 
COPLANARITY: 
METHOD II 
------------
-3.50000 
0.00000 
0.00000 
0.20000 
-1.70000 
-3.70000 
1.00000 
' 
--r' 
PIN r.o. 
--------
C/02/21 
PULLFORCE 
(GRAMS) 
----------
793 
COPLANARITY: COPLANARITY: 
METHOD I METHOD II 
------------ ------------
6.30000 -2.40000 
91 .. 
PIN I.D. 
--------
C/01/04 
C/02/19 
C/04/18 
PULLFORCE 
(GRAMS) 
---------
0 
815 
0 
COPLANARITY: 
METHOD I 
---~--------
7.40000 
7.30000 
9.20000 
92 
COPLANARITY: 
METHOD II 
-----------
-
-4.10000 
-1.50000 
-6.90000 
PIN r.o. 
--------
C/01/09 
C/01/18 
C/01/24 
C/01/28 
C/04/04 
C/04/11 
C/04/25 
PULLFORCE 
(GRAMS) 
---------
1279 
0 
1593 
138 2 
0 
0 
0 
COPLANARITY: 
METHOD I 
------------
11.2000 
10.4000 
11.5000 
10.3000 
10.3000 
14.3000 
14.7000 
93 
COPLANARITY: 
METHOD II 
-------------
-9.00000 
-8.20000 
-8.40000 
-7.50000 
-7.50000 
-11.3000 
-11.4000 
APPENDIX II: COMPLETE EXPERIMENT II DATA 
SORTED BY LEAD SKEW 
94 
PIN I.D. 
--------
S/01/15 
S/01/16 
S/Ol/17 
S/01/18 
S/01/19 
S/01/20 
S/02/06 
S/02/07 
S/02/08 
S/02/12 
S/02/13 
S/02/14 
S/02/15 
S/02/17 
S/02/18 
S/02/19 
S/02/20 
S/0 2./23 
S/02/24 
S/02/25 
S/02/34 
PULLFORCE 
(Kg X .001) 
---------,_-
1205 
1316 
922 
957 
1130 
1220 
LEAD SKEW 
(MILS) 
---------
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 ..-
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
95 
PIN I.D. 
--------
S/02/35 
S/02/36 
S/02/38 
S/02/39 
·s;o 2/ 41 
S/03/01 
S/03/02 
S/03/03 
S/03/04 
S/03/14 
S/03/22 
S/03/29 
S/03/30 
S/03/31 
S/03/32 
S/03/37 
S·/0 3/38 
S/.03/39 
S/03/40 
S/03/41 
S/03/42 
PULLFORCE 
(Kg X .001) 
-----------
1135 
925 
1109 
1075 
1031 
1102 
1043 
126.4 
1125 
1259 
1301 
LEAD SKEW 
(MILS) 
---------
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
o. 00.000 
0.00000 
0.00000 
0.00000 
96 
PIN I.D. 
--------
S/04/06 
S/04/07 
S/04/12 
S/04/13 
S/04/14 
S/04/15 
S/04/16 
S/04/21 
S/04/22 
S/04/23 
S/04/24 
S/04/35 
S/04/36 
·s/04/37 
S/04/38 
S/04/41 
S/04/42 
S/05/36 
S/06./32 
S/06/36 
s·/06/39 
PULLFORCE 
(Kg X .001) 
-----------
1170 
1245 
1003 
917 
998 
1056 
1133 
11-01 
.114 7 
1120 
1051 
922 
1106 
1035 
1010 
99.3 
1112 
1226 
1355 
1265 
1343 
LEAD SKEW 
(MILS) 
---------
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
97 
\ 
PIN I.D. 
--------
S/06/41 
S/08/33 
PULLFORCE 
(Kg X .001) 
-----------
1298 
1255 
LEAD SKEW 
(MILS) 
---------
0.00000 
0.00000 
98 
I 
. 
. 
PIN I.D. 
--------
S/01/14 
S/01/22 
S/01/24 
S/05/34 
S/10/13 
S/10/23 
S/10/42 
PULLFORCE 
(Kg X .001) 
-----------
1223 
1199 
1317 
1163 
1069 
1198 
1182 
LEAD SKEW 
(MILS) 
----------
0.80000 
0.80000 
1.00000 
0.90000 
0.60000 
0.70000 
0.50000 
99 
PIN I.D. 
--------
S/01/23 
S/02/09 
S/02/10 
S/02/16 
S/02/37 
S/02/40 
S/02/43 
S/03/21 
S/03/26 
S/03/33 
S/05/37 
S/06./14 
S/06/31 
S/08/43 
S/09/04 
S/10/20 
S/10/.27 
S/10/31 
PULLFORCE 
(Kg X .001) 
-----------
1221 
1066 
1025 
1079 
1117 
1212 
10·05 
1256 
910 
996. 
983 
934 
LEAD SKEW 
(MILS) 
----------
1.90000 
1.30000 
1.20000 
1.20000 
1.20000 
1.90000 
1.70000 
1.70000 
2.00000 
1 1. 40000 
2.00000 
2.qoooo 
1.30000 
1.90000 
1.80000 
1 •. ·300·00 
1.10000 
1 •. 40000 
100 
PIN I.D. 
--------
S/02/11 
S/04/05 
S/04/09 
S/04/10 
S/05/38 
S/06/30 
S/08/32 
S/10/26 
S/10/33 
S/10/38 
PULLFORCE 
(Kg X .001) 
------------
845 
889 
926 
1121 
1108 
1030 
891 
875 
770 
LEAD SKEW 
(MILS} 
_____ ._. __ _ 
2.10000 
2.10000 
3.00000 
2.80000 
2.80000 
2.60000 
2.30000 
2.40000 
2.50000 
2.20000 
101 
PIN I.D. 
--------
S/02/42 
S/04/17 
S/07/04 
S/08/24 
S/09/09 
S/10/24 
S/10/25 
S/10/28 
S/10/36 
PULLFORCE 
(Kg X .001) 
------------
957 
1023 
1029 
1234 
980 
1004 
1015 
1022 
LEAD SKEW 
(MILS) 
---------
3.20000 
3.10000 
4.00000 
3.60000 
3.30000 
3.50000 
3.10000 
3.50000 
3.10000 
102 
PIN I.D. 
--------
S/04/34 
S/06/38 
S/06/40 
S/07/06 
S/07/07 
S/08/35 
S/09/40 
S/09/42 
S/11/07 
/ 
/ 
PULLFORCE 
(Kg X .001) 
-----------
776 
830 
837 
659 
705 
838 
915 
864 
784 
LEAD SKEW 
(MI~S) 
---------
4.30000 
4.60000 
4.50000 
4.30000 
5.00000 
4.40000 
4.10000 
4.50000 
4.70000 
• I 
PIN I. D. 
--------
S/08/01 
S/08/06 
S/08/07 
S/08/25 
S/08/30 
S/08/42 
S/09/08 
S/09/23 
S/09/-41 
S/10/09 
S/10/10 
S/11/02 
PULLFORCE 
(Kg X .001) 
----·--------
916 
951 
902 
890 
923 
863 
871 
932 
984 
790 
865 
704. 
LEAD SKEW 
(MILS) 
---------
6.00000 
5.20000 
5.10000 
5.10000 
5.40000 
5.30000 
5.80000 
5.80000 
5.30000 
5.90000 
5.50000 
5.10000 
104 
" 
PIN I.D. 
--------
S/07/05 
S/07/21 
S/08/02 
S/08/08 
S/08/41 
S/09/01 
S/09/14 
S/10/07 
S/10/08 
S/11/29 
PULLFORCE 
(Kg X .001) 
____ ... _____ _ 
824 
866 
927 
890 
915 
992 
880 
840 
871 
717 
/ .. 
. 
LEAD SKEW 
(MILS) 
---------
6.30000 
6.45000 
6.30000 
6.40000 
6.30000 
6.10000 
6.50000 
6.60000 
6.80000 
6.10000 
1.0.s 
/' 
PIN r.o. 
--------
S/07/25 
S/08/03 
S/08/26 
S/08/28 
S/08/29 
S/08/40 
S/09/05 
S/09/13 
S/09/24 
S/09/37 
S/10/05 
S/10/06 
S/11/10 
S/11/42 
PULLFORCE 
(Kg X .001) 
-----------
874 
925 
957 
930 
' 895 
923 
889 
903 
924 
896 
8·99 
876 
951 
875 
LEAD SKEW 
(MILS) 
---------
7.70000 
8.00000 
7.70000 
7.50000 
7.10000 
7.50000 
7.20000 
8.00000 
·7. 20000 
7.50000 
7.10000 
7. 400.00 
7.20000 
7.90000 
106 
PIN r.o. 
--------
S/08/27 
S/08/36 
S/08/37 
S/09/07 
.s/09/20 
S/11/44 
PULLFORCE 
(Kg X .001) 
-----------
762 
669 
675 
637 
618 
550 
LEAD SKEW 
(MILS) 
---------
8.90000 
8.30000 
8.40000 
8.50000 
8.10000 
9.00000 
107 
\ 
' 
PIN I.D. 
--------
S/08/05 
S/08/09 
S/08/18 
S/08/39 
S/09/11 
S/11/01 
S/11/24 
PULLFORCE 
(Kg X .001) 
-----------
707 
812 
724 
756 
705 
590 
632 
LEAD SKEW 
(MILS) 
----------
9.20000 
9.30000 
9.20000 
9.10000 
9.50000 
9.40000 
10.0000 
108 
PIN I.D. 
--------
S/06/29 
S/08/14 
S/08/19 
S/08/20 
S/09/18 
S/11/26 
PULLFORCE 
(Kg X .001) 
__ ..., _______ _ 
752 
781 
762 
777 
706 
665 
LEAD SKEW 
(MILS) 
---------
10.6000 
10.6000 
10.8000 
10.3000 
10.5000 
10.1000 
109 
PIN I.D. 
--------
S/07/32 
S/07/37 
S/07/38 
S/08/13 
S/08/17 
S/08/38 
S/09/31 
S/11/31 
PULLFORCE 
( Kg X • 001) 
-----------
505 
513 
490 
606 
698 
651 
579 
570 
LEAD SKEW 
(MILS) 
---------
11.9000 
11.9000 
11.5000 
12.0000 
11.2000 
11.1000 
11.4000 
11.7000 
110 
PIN I.D. 
--------
S/07/10 
S/07/36 
S/08/10 
S/08/15 
S/08/16 
S/11/08 
PULLFORCE 
(Kg X .001) 
-----------
649 
667 
79·6 
812 
802 
669 
LEAD SKEW 
(MILS) 
---------
12.4000 
12.2000 
12.9000 
12.1000 
12.1000 
12.5000 
111 
PIN I.D. 
--------
S/07/11 
S/07/14 
S/07/31 
S/08/21 
S/11/05 
S/11/06 
S/11/11 
S/11/19 
,. 
,, 
PULLFORCE 
(Kg X .001) 
-----------
663 
640 
645 
741 
582 
567 
668 
LEAD SKEW 
(MILS) 
---------
13.4000 
13.5000 
13.8000 
13.5000 
13.1000 
13.2000 
13.9000 
13.6000 
112 
PIN I.D. 
--------
S/08/12 
S/09/39 
S/11/18 
S/11/20 
S/11/27 
S/07/35 
PULLFORCE 
( Kg X • 001) 
------------
803 
714 
623 
708 
654 
LEAD SKEW 
(MILS) 
---------
14.2000 
14.7000 
14.3000 
14.5000 
15.0000 
16.3000 
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